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WHAT IS A HEADPHONE AMPLIFIER? 



WHY DO I NEED A HEADPHONE AMPLIFIER? 

Two Main Reasons: 

 

 (1) Impedance Matching 

 

 (2) Lowering Distortion 



IMPEDANCE MATCHING EXAMPLE 



IMPEDANCE OF HEADPHONES/SPEAKERS 

 Speaker Impedance: 

  (2 Ω ~ 16 Ω) 

 Headphone Impedance 

  (32 Ω ~ 600 Ω) 

 Resistance Measured at DC: 

 Apple Earbuds: 30.2 Ω 

 Sennheiser HD497: 35 Ω 

 Sennheiser HD650:  286.3 Ω 

 Small Speakers:  3 Ω 

 Big Speakers: 7 Ω 



USEFUL FORMULAS 

 V = I * R 

 

 I = V / R 

 

 R = V / I 

 

 Resistance is the ratio 

of voltage to current. 

 P = V * I 

 

 P = (I * I) * R 

 

 P = (V * V) / R 

 

 Power is the square of 

voltage or current 

times a scale factor. 



BACK TO THE ORIGINAL QUESTION 



IPOD SHUFFLE MAX VOLUME 



IMPEDANCE RANGE 

 2.3V of voltage swing, which is 3.7V – 0.7V – 

0.7V.  This is 0.813 Vrms. 

 

 Assume that the maximum current output of the 

iPod shuffle is 20 mArms, and you want 10 mW of 

power for a reasonable listening volume. 

 

 P = (V * V) / R and P = (I * I) * R 

 

 This gives you an impedance range of: 

 25 Ω to 66 Ω 



WHAT DETERMINES VOLUME? 

 Three Things:  

  Voltage output of your amplifier. 

  Impedance of your load. 

  Efficiency of your load. 

 

 The first two can be combined into one (Power). 

 The second gives you a number in decibel output 

with a given power input. 

 So a high voltage across a high impedance load 

produces less volume than a high voltage across a 

low impedance load. 



DISTORTION 

 In a normal amplifier the output is equal to the 

input time a linear scale factor (the gain). 

 Distortion occurs when the output is no longer 

proportional to the input. 

 This normally happens when you ask too much of 

a specific amplifier design, for example, when you 

try to get 5V out of a amplifier that can only give 

you 3.7V, you will get distortion. 



TIME DOMAIN VS. FREQUENCY DOMAIN 

Voltage vs. Time Power vs. Frequency 



1 V OUT (1 KHZ SINE WAVE INPUT) 



3 V OUT (1 KHZ SINE WAVE INPUT) 



6 V OUT (1 KHZ SINE WAVE INPUT) 



9 V OUT (1 KHZ SINE WAVE INPUT) 



OBSERVATIONS 

 If you have very little current draw, you can get 

high output voltages without distortion. 

 

 The output voltage of the amplifier can never be 

greater than the battery voltage. 

 

 In this case the output could swing within 0.45 V 

of each battery voltage without distortion. 



HARMONIC DISTORTION 

 If you send a pure 1 kHz sine wave into an 

amplifier, you would expect to get one single sine 

wave at 1 kHz at the output. 

 

 In reality what you get is a 1 kHz sine wave 

(fundamental) in addition to very small sine 

waves at multiples of the fundamental (2 kHz,    

3 kHz, 4 kHz, etc…). 

 

 This is called harmonic distortion. 



SPECTRUM OF A 1 V SINE WAVE 



SPECTRUM OF A 3 V SINE WAVE 



SPECTRUM OF A 6 V SINE WAVE 



SPECTRUM OF A 9 V SINE WAVE 



OBSERVATIONS 

 For this test the load was 50 ohm.  A 350 mA 

current buffer was placed on the output of the 

amplifier to ensure that any clipping that took 

place was due to voltage limiting and not current 

limiting. 

 

 At 1 V and 3 V out the harmonic distortion is well 

below the noise floor of the instrument. 

 

 At 6V and 9 V out the harmonic distortion is 

significant. 



CMOY HEADPHONE AMPLIFIER SCHEMATIC 





VOLUME 



FILTER 



NON-INVERTING AMPLIFIER 





Questions? 


